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bstract
The photostabilization of poly(vinyl chloride) (PVC) films by triorganotin(IV) complexes of the type Ph3SnL, Bu3SnL and
e3SnL of the benzamidoglycin complexes was investigated. The PVC films containing concentration of complexes 0.5% by
eight were produced by casting method from tetrahydrofuran (THF) solvent. The photostabilization activities of these compounds
ere determined by monitoring the carbonyl, polyene and hydroxyl indices with irradiation time. The changes in viscosity average
olecular weight of PVC with irradiation time were also tracked (using THF as a solvent). The quantum yield of the chain scission
Φcs) of these complexes in PVC films was evaluated and found to range between 5.91 ×  10−8 and 7.67 ×  10−8. Results obtained
howed that the rate of photostabilization of PVC in the presence of the additive follows the trend:
h3SnL >  Bu3SnL >  Me3SnLAccording to the experimental results obtained, several mechanisms were suggested depending on the structure of the additive.
mong them HCl scavenging, UV absorption, peroxide decomposer and radical scavenger for photostabilizer additives mechanisms
ere suggested.
 2013 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.
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.  Introduction
The low cost and excellent performance of poly(vinyl
hloride) (PVC) make it a very attractive and suitable
lastic for a wide variety of applications. With respect
o the production and consumption of synthetic mate-
ials, it stands third in the world after polyethylene Peer review under responsibility of Taibah University.
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and polypropylene. However, PVC suffers from poor
thermal and light stability. It undergoes rapid autocat-
alytic dehydrochlorination upon exposure to heat and
light [1,2] during its molding and use, respectively. As
a result, conjugated polyene sequences are formed from
the beginning of the reaction, and they give rise to discol-
oration of the polymer and seriously change its physical
properties [3]. Degradation also causes a drastic change
in the mechanical properties of the polymer, which is
accompanied by a decrease or increase in its average
molecular weight as a result of either chain scission or
crosslinking of the polymer molecules, respectively [4].
Various defect sites in the polymer chain are thought
to be responsible for this instability. Possible defect
structures in PVC chains are allylic chlorine, tertiary
hydrogen and chlorine atoms, end groups such as dou-
ble bonds, oxygen-containing groups, peroxide residues,
and head-to-head structures [5]. In addition to these
niversi80 E. Yousif / Journal of Taibah U
abnormalities, the steric order of the monomer units (tac-
ticity) may have some influence on the degradation. The
dehydrochlorination most likely proceeds by a chain
mechanism involving radical intermediates. However,
ultimate user acceptance of the PVC products for outdoor
building applications will depend on their ability to resist
photodegradation over long periods of sunlight exposure.
To ensure weatherability, the PVC resin needs to be com-
pounded and processed properly using suitable additives,
leading to a complex material whose behavior and prop-
erties are quite different from the PVC resin by itself [6].
Recently, scientists have used substituted benzothiazole
and benzimidozole ring [7] as photostabilizers for rigid
PVC. They have also used 1,3,4-oxadiazole and 1,3,4-
thiadiazole derivatives as novel photostabilizers for rigid
PVC [8] and some synthesized organic compounds as
N-substituted maleimides, N-phenyl pyrazolone, phenyl
urea, some glucoside derivatives, and other organic com-
pounds to be used as photostabilizers for PVC [9–12].
As part of our on-going research on the photostabiliza-
tion of PVC, the photostabilization of PVC was studied
using triorganotin(IV) complexes. To our knowledge
there is a few attempt to investigate the photostabi-
lization of PVC films by triorganotin(IV) complexes,
therefore, in this paper we report the designing of some
triorganotin(IV) complexes and studied their use as pho-
tostabilizing agent.
2.  Experimental
2.1.  Materials
The following complexes were all prepared by the
method previously described by Yousif et al. [13].
Synthesis of  benzamidoglycin: 5 mmol of glycine was
dissolved in (25 ml) of 5% NaOH solution in a con-
ical flask. To this mixture benzoyl chloride (5 mmol)
was added in a five portions and shacked vigorously
until all the chloride has reacted. Acidified with diluted
hydrochloric acid and the crude product was washed with
cold ether. Finally, the desired product was recrystallized
from ethanol.
Preparation  of  complexes: General procedure for the
synthesis of the triorganotin(IV) complexes. The ligand
(5 mmol) was suspended in dry toluene (100) and treated
with triethylamine (5 mmol). The mixture was refluxed
for 3 h. To a reaction mixture, triorganotin chloride
(5 mmol) was added as a solid to the reaction flask under
constant stirring and then refluxed for 10 h. The reac-
tion mixture containing Et3NHCl was filtered off such
that the filtrate contained the organotin(IV) derivative.ty for Science 7 (2013) 79–87
The solvent was removed under reduced pressure using
a rotary evaporation.
NH
O
O
O Sn
R
R
R = -CH3 , -CH2CH2CH2CH3 and
R
Complex Symbol
Ph3SnL C1
Bu3SnL  C2
Me3SnL C3
3.  Experimental  techniques
3.1.  Films  preparation
The polymer matrix used in this study was PVC (K
value = 67, degree of polymerization = 800) supplied by
Petkim (Turkey) was re-precipitated from THF solution
by alcohol several times and finally dried under vacuum
at room temperature for 24 h. PVC films were prepared
as follows. The best solvent for PVC is THF. The films
were prepared by dissolving 5 g of PVC in 100 g of THF
under vigorous stirring for 30 min. It was necessary to
control the hygrometry and the rate of evaporation of
solvent during casting to maintain good optical quality
and very limited turbidity. The film transmission should
be greater than 80% in the near-UV range. After 3 h,
the solution was spread on a slide stainless steel model
(250 mm × 120 mm ×  0.5 mm) and air-dried for 24 h.
After the solvent evaporation, the samples were dried
in a vacuum at room temperature for 30 h. The thickness
of the resulting PVC film (30 m) was measured by a
micrometer type 2610 A, Germany
3.2.  Irradiation  experiments
3.2.1.  Accelerated  testing  technique
Accelerated weatherometer Q.U.V. tester (Q. Panel,Company, USA), was used for irradiation of polymers
films. The accelerated weathering tester contains stain-
less steel plate, which has two holes in the front side
and a third one behind. Each side contains a lamp (type
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luorescent Ultraviolet Lights) 40 W each. These lamps
re of the type UV-B 313 giving spectrum range between
90 and 360 nm with a maximum wavelength at 313 nm.
he polymer film samples were vertically fixed parallel
o the lamps to make sure that the UV incident radiation
s perpendicular to the samples. The irradiated samples
re rotated from time to time to ensure that the intensity
f light incident on all samples is the same.
.3.  Photodegradation  measuring  methods
.3.1.  Measuring  the  photodegradation  rate  of
olymer ﬁlms  using  infrared  spectrophotometery
The degree of photodegradation of polymer film sam-
les was followed by monitoring FTIR spectra in the
ange 4000–400 cm−1 using FTIR 8300 Shimadzu spec-
rophotometer. The position of carbonyl absorption is
pecified at 1722 cm−1, polyene group at 1602 cm−1 and
he hydroxyl group at 3500 cm−1 [14]. The progress
f photodegradation during different irradiation time
as followed by observing the changes in carbonyl and
olyene peaks. Then carbonyl (Ico), polyene (Ipo) and
ydroxyl (IOH) indices were calculated by comparison of
he FTIR absorption peak at 1722, 1602 and 3500 cm−1
ith reference peak at 1328 cm−1, respectively. This
ethod is called Band index method [14].
s = As
Ar
(1)
s is the absorbance of peak under study, Ar is the
bsorbance of reference peak, and Is is the index of group
nder study.
Actual absorbance, the difference between the
bsorbance of top peak and base line (A Top Peak – A
ase Line) is calculated using the Base Line method [15].
.3.2. Determination  of  average  molecular  weight
¯Mv) using  viscometry  method
The viscosity property [16] was determined the fol-
owing relation (2).
η] =  4.7 ×  10−4Mv0.6 (2)
here [η] is the intrinsic viscosity.
The quantum yield of main chain scission (Φcs) [17]
as calculated from viscosity measurement using the
ollowing relation (3).
cs =
(
CA
¯Mv,o
) ([ηo]/[η])1/α −  1
Iot
(3)here C  is the concentration; A  is the Avogadro’s num-
er; ( ¯Mv,o) is the initial viscosity–average molecular
eight; [ηo] is the Intrinsic viscosity of PVC beforety for Science 7 (2013) 79–87 81
irradiation; Io is the incident intensity and t  is the irradi-
ation time in second.
4.  Results  and  discussion
The triorganotin(IV) complexes were used as addi-
tives for the photostabilization of PVC films. In order to
study the photochemical activity of these additives for
the photostabilization of PVC films, the carbonyl and
polyene indices were monitored with irradiation time
using IR spectroscopy. The irradiation of PVC films with
UV light of wavelength, λ = 313 nm led to a clear change
in the FTIR spectrum, as shown in Fig. 1. Appearance
of bands in 1772 cm−1 and 1724 cm−1, were attributed
to the formation of carbonyl groups related to chloroke-
tone and to aliphatic ketone, respectively. A third band
was observed at 1604 cm−1, related to polyene group, as
shown in Scheme 1 [17].
The absorption of the carbonyl, polyene and hydroxyl
groups was used to follow the extent of polymer degra-
dation during irradiation. This absorption was calculated
as carbonyl index (Ico), polyene index (Ipo) and hydroxyl
index (IOH). It is reasonable to assume that the growth
of carbonyl index is a measure to the extent of degrada-
tion. However, in Fig. 2, the Ico of C3, C2 and C1 showed
lower growth rate with irradiation time with respect to the
PVC blank film without additives [18]. In the case of car-
bonyl index, the lower value of PVC with additive than
PVC blank as seen in Fig. 2, it is suitable to conclude that
these additives might be considered as photostabilizers
of PVC polymer. Efficient photostabilizer shows a longer
induction period. Therefore, the C1 is the most active
photostabilizer, followed by C2 and C3 which are the
least active. Just like carbonyl, polyene compounds are
also produced during photodegradation of PVC. There-
fore, polyene index (Ipo) could also be monitored with
irradiation time in the presence and absence of these
additives. Results are shown in Fig. 3.
Hydroxyl species were produced during photodegra-
dation of PVC. Therefore, hydroxyl index (IOH) was
monitored with irradiation time for PVC and with addi-
tives. From Fig. 4, the C3, C2 and C1 showed lower
growth rate of hydroxyl index with irradiation time com-
pare to PVC film without modification [19].
4.1.  Variation  of  PVC  molecular  weight  during
photolysis  in  the  presence  of  by  triorganotin(IV)
complexesAnalysis of the relative changes in viscosity average
molecular weight ( ¯Mv), has been shown to provide a
versatile test for chain scission. Fig. 5 shows the plot
82 E. Yousif / Journal of Taibah University for Science 7 (2013) 79–87
Fig. 1. Change in IR spectrum of PVC film (30 m) in the presence of C2 complex.
Scheme 1. Photooxidation reaction scheme of PVC.
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Fig. 2. The relationship between the carbonyl index and irraTime(hrs)
diation time for PVC films containing the additives.
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Fig. 3. The relationship between the polyene index and irradiation time for PVC films containing the additives.
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Fig. 4. The relationship between the hydroxyl index and irradiation ti
ration of additives is fixed at 0.5% by weight.
f ¯Mv versus irradiation time for PVC film with and
ithout 0.5% (wt/wt) of the selected additives, with
bsorbed light intensity of 1.052 ×  10−8 ein. dm−3 s−1.
¯ v is measured using Eq. (4) with THF as a solvent at
5 ◦C [4].
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ig. 5. Changes in the viscosity-average molecular weight ( ¯Mv) during irradiVC films (30 m thickness). Containing different additives, concen-
It is worth mentioning that traces of the films with
additives are not soluble in THF indicating that cross-
linking or branching in the PVC chain does occur during
the course of photolysis [10]. For better support of this
view, the number of average chain scission (average
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Time (hrs.)
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ation of PVC films (30 m) (blank) and with 0.5 wt% of additives.
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characterization is the measurement of the quantum yield
of the chain scission (Φcs). The quantum yield for chain
scission was calculated for PVC films with and without
Table 1
Quantum yield (Φcs) for the chain scission for PVC films (30 m)
thickness with and without 0.5 (wt/wt) additive after 250 h irradiation
time.
Additive (0.5 wt%) Quantum yield of main chain
scission (Φcs)
PVC + C1 5.91E−08Irra
Fig. 6. Changes in the main chain scission (S) during irradi
number cut per single chain) (S) [20] was calculated
using the relation (4):
S  =
(
¯Mv,0
¯Mv,t
)
−  1 (4)
where ¯Mv,o and ¯Mv,t are viscosity average molecular
weight at initial (0) and t  irradiation time respectively.
The plot of S  versus time is shown in Fig. 6. The curve
indicates an increase in the degree of branching such
as that might arise from cross-linking occurrence. It is
observed that insoluble material was formed during irra-
diation which provided an additional evidences to the
idea that cross-linking does occur.
For randomly distributed weak bond links, which
break rapidly in the initial stages of photodegradation,
the degree of deterioration α  is given as:
α  = m · s
¯Mv
(5)where m  is the initial molecular weight.
The plot of α  as a function of irradiation time is shown
in Fig. 7.
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Fig. 7. Changes in the degree of deterioration (α) during irradiation Time (hrs.)
 PVC films (30 m) (blank) and with 0.5 wt% of additives.
The values of α  of the irradiated samples are higher
when additives are absent and lower in the presence of
additives compared to the corresponding values of the
additive free PVC. In the initial stages of photodegrada-
tion of PVC, the value of α increases rapidly with time,
these indicators indicates a random breaking of bonds in
the polymer chain. Another way of degradation reactionPVC + C2 7.25E−08
PVC + C3 7.67E−8
PVC (blank) 8.96E−05
0 200 250 300
 Time (hrs.)
of PVC films (30 m) (blank) and with 0.5 wt% of additives.
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Scheme 2. Suggested mechanism of photostabilization of complexes
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Depending on the overall results obtained, the effi-
ciency of triorganotin(IV) complexes as stabilizer for
PVC films can be arranged according to the change in the
NH
O
O
O
R
Sn
R
R
R
Sn
R
R
OOP
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O
O
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+
O
H
OPs HCl scavengers.
.5% (wt/wt) of additive mentioned above using relation
. The Φcs values for complexes are tabulated in Table 1.
The Φcs values for PVC films in the presence of addi-
ive are less than that of additive free PVC (blank), which
ncrease in the order:
C1, C2, C3 and PVC
It is well established that the quantum yield (Φcs)
ncreases with increasing around the glass transition tem-
erature (Tg) of the amorphous polymer, and around the
elting temperature of crystalline polymers. In the study
resented in this work, the photolysis of PVC film is car-
ied out at a temperature 35–45 ◦C well below the glass
ransition temperature (Tg of PVC = 80 ◦C). Therefore,
he Φcs dependency on temperature is not expected to be
bserved [21].Scheme 3. Suggested mechanism of photostabilization of complexes
as primary stabilizers.
4.2.  Suggested  mechanisms  of  photostabilization  of
PVC by  triorganotin(IV)  complexesScheme 4. Suggested mechanism of photostabilization of complexes
as peroxide decomposer.
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Scheme 5. Suggested mechanism of photostabilization of carboxylates
complexes as radical scavengers through energy transfer and forming
unreactive charge transfer and stabilize through resonating structure.
+heat
hv
*Scheme 6. Suggested mechanism of photostabilization of benzene ring
as UV absorber.
carbonyl, polyene and hydroxyl concentration as a ref-
erence for comparison as shown in Figs. 2–4, as follows:C1 >  C2 >  C3ty for Science 7 (2013) 79–87
Sn carboxylates stabilize PVC by two mechanisms,
depending on the metal. Strongly basic carboxylates,
which have little or no Lewis acidity, are mostly HCl
scavengers, Scheme 2. Metals such as Sn, Zn, Cd and
Cu which are stronger Lewis acids and form covalent
carboxylates, not only scavenge HCl, but also substi-
tute carboxylate for the allylic chlorine atoms. These
stabilizers provide very good long-term stability and
are usually referred to as secondary stabilizers [22],
Scheme 2.
IR spectroscopy has shown that metals carboxylates
associate with PVC molecules at the surface of primary
particles and are, consequently, very effective in the
substitution of allylic chlorine. In this mechanism, the
stabilizer is classified as a primary stabilizer. It has been
postulated that metals stabilizers associate with chlorine
atoms at the surface of PVC primary particles which
explains their high efficiency in PVC stabilization [23],
Scheme 3.
Metal chelate complexes generally known as photo-
stabilizers for PVC through both peroxide decomposer
and excited state quencher. Therefore, it is expected that
these complexes act as peroxide decomposer through the
following proposed mechanism, Scheme 4 below [24].
These metal chelate complexes also function as rad-
ical scavengers through energy transfer and by forming
un-reactive charge transfer complexes between the metal
chelate and excited state of the chromophore (POO•)
and stabilize through resonating structures as shown in
Scheme 5 [23].
The benzene ring in this compound plays an important
role in the mechanism of stabilizing process by acting as
UV absorber. The UV light absorption by these addi-
tives containing benzothiazol dissipates the UV energy
to harmless heat energy, Scheme 6. Furthermore this ring
plays a role in resonating structures conjugation of rad-
ical in peroxide decomposer, Scheme 6, which supports
this compound as a photostabilizer [25].
5.  Conclusions
In the work described in this paper, the photosta-
bilization of poly(vinyl chloride) (PVC) films using
triorganotin(IV) complexes were studied. These addi-
tives behave successfully as photostabilizer for PVC
films. The additives take the following order in pho-
tostabilization activity according to their decrease
in carbonyl, polyene and hydroxyl indices for PVC
films.
C1 >  C2 >  C3
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These additives stabilize the PVC films through
Cl scavenging, UV absorption or screening, peroxide
ecomposer and radical scavenger mechanisms. The tin
omplexes were found to be the more efficient in pho-
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nd mechanisms mentioned above. These mechanisms
upport the idea of using tin complexes as commercial
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